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tartrate concentration in urine. A 100-4 sample of urine is diluted and injected into the chromatograph. Tartrate is eluted within 11.5 mm as a distinct and well-resolved peak. The sensitivity of the standard procedure (signalto-noise ratio, 3/1) is 30 .tmol/L. The intra-run and interrun coefficients of variation are 2.5% and 4.1%, respectively.
Mean analytical recovery of known amounts of added tartrate ranges between 94.2% and 104.0%. We investigated the specificity of the procedure by analyzing urine containing added dicarboxylic acids structurallyrelated to tartrate. The reliability of the procedure makes it suitable for investigating tartrate metabolism, e.g., the potential role of tartrate as an inhibitor of crystallization in calcium nephrolithiasis.
Urinary tartrate is a potentially important inhibitor of calcium stone formation (1, 2) . Tartrate forms stable complexes with calcium ion (3) , and there is some evidence that, like citrate, tartrate can act as an inhibitor of surface-controlled crystallization processes (2). Therefore, measurement of tartrate should probably be consideredin the study of physicochemical conditions of urine (2,4, 5). Previous procedures for tartrate determination in urine include a colorimetric method, based on the reaction between metavanadate and tartrate from a charcoal-clarified sample (8) , and recent gas-chromatographic (9) and gas chromatographic/mass spectrometric methods (10) .
Studies of the metabolism of L-tartrate in
These methods are all quite complex to perform or are time consuming.
Given that ion chromatography is a suitable technique for determining anions in biological fluids (11- 15) , we have developed a simple and rapid ion-chromatographic procedure for determining tartrate in urine. Elimination of sulfates and dilution of the samples are the only pre-treatment steps before the chromatographic separation.
Materials and Methods

Reagents
Analytical-reagent grade chemicals were used. Water for dilutions and for preparing eluents was de-ionized Procedures of tartrate and sulfate, of the same solution equilibrated with barium chloride, of an unprocessed urine sample, and of the same urine treated with barium ions.
The standard curve of the tartrate conductivity (peak Accuracy arid precision. Two urine samples, containing 45 and 648 imol of t.artrate per liter, were analyzed eight times both in the same batch and in different days. The intra-assay coefficient of variation (CV) was 5.4% for the former urine and 2.5% for the latter. The corresponding interassay CVs were 6.9% and 4.1%. Ten urine samples were analyzed, stored at -20 #{176}C for one month, and then analyzed again. The difference for duplicate analyses, assessedby the Wilcoxon test, was not significant (P = 0.51) and the relative standard deviation estimate was 4.6%; these data confirm the stability of urinary tartrate in acidified urine stored frozen.
We analyzed samples from 24-h acidified urine (i.e., collected in the presence of 10 mL of concentrated hydrochloric acid). Aliquots were stored frozen until analysis. To a 100-iL aliquot of thawed urine or standard we added 20 pL of a 1.0 mollL aqueous solution of BaC12, let the BaSO4 crystallize for 3 mm, and then diluted this to 10 mL with the eluent. The chromatographic injections were carried out through an in-line 0.22-pm (pore size) filter (Millipore, Bedford, MA) within 30s after dilution.
Urine samples were also analyzed for creatimne by a routine method (16).
Results
Calibration and sensitivity. Under the described chromatographic conditions, tartrate is eluted in 11.5 mm. close, elimination of sulfate from the sample seemed advisable for a better chromatographic separation and isolation of tartrate peak. To do this, we precipitated sulfates with barium chloride just before the chromatographic run. An investigation of the kinetics of the barium effect on sulfate and tartrate concentration-the chromatographic resolution (R) values and the resulting residual sulfate and tartrate concentrations after barium addition to two urine samples-is summarized in Table 2 . No substantial variation in tartrate concentration was observed within 100 mm of treatment of 100 pL of urine with 20 pL of barium salt, 1.0 mollL; in contrast, the sulfate concentration decreased more than 10-fold after just 5 mm.
The remarkable improvement of the peak resolution, attributable to the barium processing, is outlined in Figure 1 . No perturbation of the chromatographic trace and no significant poisoning effects on separators can be ascribed to barium addition, and the best efficiency of the membrane suppressor is achieved by periodically flushing it with 100 mL of HC1, 0.1 mol/L. We investi- Table 3 .
Discussion
In the chromatographic conditions described, the elution of dicarboxylic acids is predominantly confined within a close range of capacity factors. This range is satisfactorily higher than those for the main inorganic anions in urine, i.e., chloride and phosphate. Only sulfate, especially at concentrations exceeding 10 mmolJL, interferes with the tartrate elution. Therefore, at the usual concentrations of urinary sulfate (13, 17), the barium precipitation is mandatory to prevent any peak overlapping. The treatment does not perturb the tartrate determination and allows us to identi1r tartrate as a single, well-resolved peak.
The clinical results confirm the crucial dependence of tartrate excretion on the composition of diet, in that urinary excretion of tartrate was significantly less in subjects on a vegetarian diet than in subjects on mixed Mediterranean diets. Moreover, tartrate was increased in urine samples from most of the male subjects in both normal and stone-forming groups. In all the three groups studied, the values for tartrate excretion were widely scattered.
The major exogenoussourcesof tartrate in diets of the subjects under study were grapes (18), wine (19, 20) , and, to a lesser extent, effervescent drinks (21) .
From dietary inquiries we determined that consuming wine (and grapes or beverages) can increase tartrate excretions to >1.0 mmol/24 h. Conversely, the finding that urinary tartrate was undetectable in 15% of these subjects suggeststhat this tartrate is entirely exogenousin origin. Therefore, the wide variation of tartrate concentration in urine (undetectable though 3260 mol/L) underlines that complexation of tartrate with calcium may be an almost unpredictable variable, and suggests the opportunity for including measurement of urinary tartrate among routine assays in evaluating calcium stone disease. Because the proposed procedure appears simple to perform, sensitive, and accurate, we consider it suitable for this purpose.
